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Hospital,  St.  Louis.) 
Theoretical as well as practical considerations suggested to us the 
line of investigations that is  reported in this  communication.  One 
of  us  1  has  formerly  shown  that  through  the  action  of  heat  or 
chemical  injurious  influences  to  which  the  tumor  cells  are  sub- 
jected before transplantation it is possible to decrease the virulence 
of  the  resulting  tumors.  It  was  of  interest  to  inquire  to  what 
extent this peculiarity of growth might be inherited by new genera- 
tions  of  tumor  cells,  and  one  of  us  2  investigated,  therefore,  the 
resistance  to  heat  of  particles  of  tumor  which  had  developed  in 
animals  from tumor particles exposed to a  certain  degree of heat 
before transplantation. 
We found with the method used at that time that neither a  sum- 
mation  of  the  effects  of  successive  exposures  to  heating  nor  an 
immunity against  the  effects  of  heat  can  be  demonstrated  under 
these  conditions.  We  also  found  that  after  transplantations  of 
particles of tumors which developed after previous heating, the new 
tumors  grew  as  well  as  control  tumors  obtained  through  trans- 
plantation  of  particles  from  previously  unheated  tumors.  Not- 
withstanding  these  negative  results  the  problem  seemed to  us  of 
sufficient importance to justify further attempts on the basis of the 
* Received  for publication, July  I6, I9I  4. 
1 Loeb,  L.,  Virchows Arch. f.  path.  A.nat.,  I9o3,  clxxii, 345 ;  Am.  Med.,  I9o5, 
x,  265. 
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results communicated in the preceding paper. 3  We have shown that 
a  number  of different substances  exert a  definite  inhibiting  action 
on the growth of mouse tumors.  The opportunity presented itself 
to investigate whether an  immunity or increased resistance  4 can  be 
produced  through  a  series  of  preliminary  injections,  and  whether 
such  an  immunization  depends  on  processes  called  forth  in  some 
organ or tissue of the injected animal  or in the tumor cells proper. 
There was a  further reason  for undertaking these investigations. 
In a  certain number of cases we observed in patients suffering from 
cancer  that  at  first  the  intravenous  injections  of  colloidal  copper 
had  an  undoubted  effect on  the  tumor,  causing  diminution  in  the 
size of the  ulcerated area and  partial shrinking of the tumor or an 
arrest  in  the progress  of the  disease  which  had  been  rapid  before. 
But these effects were temporary and after a certain time the disease 
began  again  to progress.  This  observation  could  be  explained by 
the assumption  of processes  of immunity against  the  injected sub- 
stance taking place either in  the injected organism  or in the  tumor 
cells, a  possibility which we had indeed considered  from the begin- 
ning of our experiments. 
In  order to test the  existence of such  processes of immunity we 
proceeded  in  the  follbwing  manner:  We  injected  intravenously  a 
series  of animals  with colloidal copper  from the ninth  to the  thir- 
teenth  day after transplantation  of  the  tumor,  and  we  determined 
the growth of these tumors.  In a second series we injected animals 
from  the  second  to  the  fifth  day  after  inoculation  with  colloidal 
copper and  again  from  the  ninth  to  the  thirteenth  day.  We  had 
3 Loeb, L., and Fleisher,  M.  S., ]our.  Am. Med.  Assn.,  1913, lx,  1857.  In a 
different manner Marie, Clunet, and Raulot-Lapointe  recently observed a heredi- 
tary transmission  of a characteristic  acquired  by sarcomatous  cells of the mouse 
under the long  continued  influence of Roentgen  rays.  Under  these  conditions 
giant cells, which were absent in the original  sarcoma, began to develop and this 
peculiarity was also noticeable in the following generations  of transplanted tumor, 
although  these  had not been exposed to the Roentgen  rays.  (Marie,  P.,  Clunet, 
J., and Raulot-Lapointe,  G., Bull. de l'Assoc, franc,  p. l'Jtude  du cancer, 1911, iii, 
I56;  abstracted  in Ztsehr.  f. Krebsforsch.,  1913, xii, 03.) 
4We  do  not  attempt  to  distinguish  between  partial  or  total  immunity  and 
increased  resistance.  There  do  not  exist  as  far  as  we  are  aware  any  sharp 
criteria which permit a differentiation  between two conditions  corresponding  to 
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previously found that injections of colloidal copper given from the 
second to  the fifth  day had  no  noticeable influence on  the  tumor 
growth.  Inoculated  animals  receiving  these  early  injections 
showed on the ninth day tumors of approximately the same size as 
animals not receiving these early injections.  It was now of interest 
to  inquire  whether  the  early  injections  which  failed  to  have  an 
inhibiting  effect might  to  a  certain  extent  immunize  the  animals 
against  the  effect of the  second  set  of  injections  given  from  the 
ninth to the thirteenth day.  If this should be the case, the injection 
given  from the ninth to the thirteenth day should have less  of an 
inhibiting  effect  in  previously  injected  animals  than  in  control 
animals which had not had the preliminary set of injections.  We 
kept another set of control animals  which did not receive any in- 
jections.  If  an  immunizing  effect  of  the  first  set  of  injections 
should be  found to  exist,  it  was  furthermore necessary to  inquire 
whether  the  processes  of  immunity  were  restricted  to  reactive 
changes in injected animals or in the tumor cells. 
This  was determined in the  following way: A  series of animals 
received, after inoculation with the tumor, two sets of injections of 
colloidal  copper;  namely,  from the  second  to  the sixth  and  from 
the ninth to the thirteenth days after inoculation.  Two days after 
the  last  injection  of  colloidal  copper,  several  tumors  were  ex- 
tirpated and used for inoculation in a new series of mice.  Another 
series of mice was inoculated with tumor material from mice which 
had not previously received injections of colloidal copper.  Especial 
care was taken that in both series tumors of approximately similar 
growth energy were used for transplantation.  Both series of mice 
were  then  injected  with  colloidal  copper  from  the  ninth  to  the 
thirteenth day.  If the tumor cells, derived from tumors which had 
grown in animals  injected with colloidal  copper,  should  prove  de- 
cidedly more resistant  towards  the  effect of  the injections  of  col- 
loidal  copper,  we may conclude that  the  tumor cells have been to 
some extent immunized agains  t  the effect of colloidal copper.  As 
controls we kept another series of mice previously inoculated with 
tumor without injections.  We  further gave to  one series  of mice 
two sets of injections of hirudin, the first set from the second to the 
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to another series we gave only the second set of hirudin injections, 
in  order to  determine whether also  in the  case  of  hirudin an  im- 
munity could be produced through previous injections.  Just as  in 
the case of colloidal  copper,  injections  of  hirudin given  from the 
second to the sixth day do not influence the development of tumors 
to any marked extent; on the ninth day such tumors are about as 
large as tumors of animals not previously injected. 
In order  to  determine the effect of  the  injections  we employed 
in a  number of these experiments both methods, described by us in 
the preceding paper, 5 determining the growth of the tumors on the 
ninth day by palpation  and  drawing,  and  afterwards  on  the thir- 
teenth day again determining the growth of the tumors by drawing 
and  palpation  and  then. removing the  tumors  and  weighing them 
either individually or in groups of tumors which were so arranged 
that tumors united in  the same group  had about  the same size  on 
the ninth  day.  In  addition  we  carried  out  other  experiments  in 
which we used merely the first method, in order to corroborate the 
results  obtained  by  the more accurate second  method.  We  made 
use  of  the  first  method  in  order  to  determine  whether  a  partial 
immunity towards  the  effects  of  hirudin  is  located  in  the  tumor 
cells  and  is  transmitted  to "following cell  generations  in  a  similar 
manner as in the case of colloidal copper.  We furthermore injected 
a  series of animals with colloidal copper or hirudin before inocula- 
tion  with  the  tumor  in  order  to  determine  whether  through  the 
injections  reactive  processes  are  set  up  in  the  organism  of  the 
animal, independently of the processes in the tumor cells.  Further- 
more, by means of the first method we tested the specificity of the 
immunity produced, giving in  the first set  of injections,  from the 
second  to  the  sixth  day,  colloidal  copper  or  hirudin,  and  in  the 
second set,  from the ninth to the thirteenth day, the substance not 
used in the first set of injections.  In this way we could determine 
whether injections of colloidal copper  immunize against  the effect 
of  hirudin  and  vice  versa.  We  also  tested  in  a  similar  manner 
whether injections of hirudin or colloidal copper, given in one gen- 
eration of animals,  immunize the tumor cells against the substance 
not  used  in  the  first  generation  in  the  following  generation  of 
animals after transplantation of the treated tumor. 
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We distinguished between the results obtained by means of a com- 
bination  of  both  methods and  those  obtained  merely by the  first 
method.  The results  obtained by means of both methods, and  in 
which  the  results  of  both  methods  corroborate each  other,  mus~ 
necessarily be considered more secure than the results based merely 
on the first method.  We shall therefore consider both sets of ex- 
periments separately.  The  experiments carried  out  by means  of 
both  the  first  and  second methods  are  represented as  far  as  the 
effects of colloidal copper are concerned in table I.  Here is  com- 
pared the percentage growth from the ninth to  the thirteenth day 
after inoculation  (I)  of control mice not receiving any injections, 
(2)  of  mice  injected  from  the  ninth  to  the  thirteenth day  with 
colloidal copper,  (3)  of mice injected from the second to the sixth 
and from the ninth to the thirteenth days with colloidal copper, and 
(4)  of mice of the second generation which had  been  inoculated 
with pieces  of tumor from mice of the first generation which had 
been  injected with  colloidal  copper  from the  second  to  the  sixth 
and again from the ninth to the thirteenth days after tumor inocula- 
tion.  These mice of the second generation were also injected from 
the  ninth  to the  thirteenth day.  Several experiments were made 
for the determination of tumor growth in each of these four kinds 
of mice receiving the treatment outlined.  A  series of mice served 
for  each  experiment  (AI,  A2,  BI,  ]32,  CI,  C2,  D)  in  each  of 
the  four  kinds  of  animals.  Each  series  was  again  subdivided 
into four classes according to the weight of the tumors on the ninth 
day,  and  each  class  again  divided  into  several  groups.  Each 
column was again divided into two subcolumns; in subcolumn B  is 
given the percentage growth of the various classes of tumors in each 
series.  The  definitions  of  the  various  classes  according  to  the 
weight limits of the various tumors are given in the preceding paper.  ° 
Such a  subdivision  is  necessary because the percentage growth of 
tumors within a certain period of time depends upon the size of the 
tumors at the beginning of that period.  At the same time we have 
to consider that this statement holds good only if we calculate the 
average percentage  growth  of  a  number  of  tumors.  There  are 
quite  a  number  of  variations  of  unknown  origin  if  we  consider 
6  Fleisher and Loeb, .four. Exper. Med.,  loc. cit. Moyer S.  Fleisher, Miguel Vera, and Leo  Loeb.  529 
the  individual  tumors.  In  subcolumn  R  is  given  the  percentage 
growth of the various series of mice.  This figure can be computed 
in  various  ways.  We  can compare the weight  of  all  the  tumors 
of a  series  on the ninth day and on the thirteenth day and  deter- 
mine  the  percentage  increase  in  the  sum  of  the  weights  (a). 
Variations  in the number of tumors  of various  sizes  on the ninth 
day will  cause variations  in  the figures  thus  obtained,  so  that  the 
results  in  different series  are  not  quite  comparable.  Or  we  can 
multiply the  average of the percentage increase in  weight in  each 
class with the number of tumors in each class, add the figures thus 
obtained, and  divide the sum by the total number of mice used in 
that  series  (B).  Inasmuch as  the  number  of  mice  in  each  class, 
as  far  as  the  valuation  of  the  result  of  the  experimental  irLter- 
ference is concerned, is of no importance, it might be of advantage 
to add the percentage increase in the various classes of each series 
and divide by the number of classes.  This  is  the best method, if 
there  are  enough tumors  in  each  class  and  if  all  the  classes  are 
represented in each series.  This is, however, not usually the case. 
It will therefore be necessary to interpolate the figures for missing 
classes by determining the average corresponding to the character 
of the other classes in that series.  If the other classes have a high 
figure we fill out the vacancy by a  correspondingly high figure, de- 
termined on the basis of the other experiments, and correspondingly 
in the case of a  low average in the other classes.  Thus the error 
is  smaller  than  if  we  should  altogether  omit  the  figure  for  one 
or several classes.  In this manner the third figure, ~, was obtained. 
In  the  end  we  took  the  arithmetical mean  of  these  three  figures 
in each series.  This is the fourth figure, ~. 
There is  a  further source of individual deviations  from the ex- 
pected figures in the various series, in each class the percentage in- 
crease depending to some extent upon the average class  weight on 
the  ninth  day,  whether it  was  relatively high  or  low.  If  it  was 
relatively high the percentage increase is diminished in conformity 
with the rule that the larger a  tumor is on the ninth day, the less is 
the percentage increase during the next four days.  In table II we 
give, therefore, the average weight of each class on the ninth day. 
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TABLE  U. 
Class  aT=--35o  mg.  and  more. 
Class  c  ~225-345  mg, 
Class d  =I25-225  mg. 
Class  f  .=  25-I25  mg. 
Mice injected  Mice  injected with colloidal  Mice  inoculated with tumor 
Control (uninjected) mine,  with colloidal  copper ~d-5th and  from mice previously in- 
'  copper  9th-xBth dys.  ected with colloidal  copper, 
9th-x3th dy,  Injected 9th-~3th dy. 
A 
D  a  367 
c  240 
d  158 
f  92 
c  + i44% 
dl  +  219% 
d2  +  208% 
fi  +  r6o% 
f2  + 
AI  c  286 
d  I76 
f  53 
A2  c  283 
d  I98 
f  68 
A2  e  270  1  fi  o 
d  I62  5  b2  I75% 
f  87  3  dI  66% 
4  d2  I36% 
c  247 
d  I73 
i  5I 
I2I% 
BI  a  350  I  fI  I33% 
c  27I  5  f2  398% 
d  I8O  3  dI  I75% 
f  9I  3  d2  2io% 
5  ci  II5% 
x  c2  I38%1 
B2  a  525  I3  fi  46o% 
c  29I  5  f2  207% 
d  I37  5  dI  I83% 
f  72  d2 
4  cI  I47% 
2  c2  I69% 
CI  a  532  I  dI  212% 
C 276  2  d2  I72% 
d  19o  8  cI  I4I% 
4  c2  I37% 
C2  d  I43  ~I  fI  321% 
f  68  14  f2  263% 
I4 dr  167% 
/  I  dz  113% 
BI  a  462 
c  281 
d  I77 
f  Io6 
B2  a  446 
c  ~97 
d  156 
f  92 
C1  a  439 
c  293 
d  162 
f  87 
C2  a  476 
c  284 
d  I56 
f  73 
4  CI  85% 
I  C2  40% 
BI  a  466  I  fI  2IO% 
c  29I  7  f2  I65% 
d  186  5  dI  220% 
f  92  9  d2  I72% 
19  cl  I97% 
6  c2  I06% 
CI  a  447  5  fx  345 
c  291  Ix  f2  244 
d  i8o  8  dx  291 
f  84  xi  d2  244 
Io  cl  ~7  o 
6  c2  182 
B2  a  42I  9  fi  28I% 
c  280  4  f2  I83% 
d  z6o  I2  di  261% 
60  6  d2  i61% 
IS  c1  iio% 
4  e2  86% 
C2  a  447  4  fi  2o6% 
c  29I  i4  f2  3io°~o 
d  i8o  i8  di  314% 
f  84  4  d2  148% 
i2  ei  ISI% 
ii  c2  i7o% 
low and the other  (2)  with a  relatively high class weight.  We see 
that,  wherever  the  number  of  tumors  in  both  subclasses  is  suffi- 
rEach  class  is  divided  into  two  subclasses,  the  dividing line  between  these 
subclasses being in  each  case  the  mean  between  the  highest and  lowest  weight 
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ciently high, the lighter tumors have usually a  greater percentage 
growth than the heavier tumors of the same class.  Wherever the 
average weight of a  certain class  is  therefore abnormally low we 
may expect that  the percentage increase is  relatively too great as 
compared with the increase of corresponding classes  in other series. 
We made, therefore, a correction in the figure for class f of the first 
series  in  column 4  of table  I.  Here  the  average  weight  of  the 
class is only 51 .  In this case we deducted about 5  °  per cent. from 
the actual percentage increase in weight.  The average weight of 
the tumors on the  ninth day in the various series of column 4  is 
relatively low.  It  was  not essential to  make any  further correc- 
tions.  In column 4 of table I we give under 7 this corrected figure; 
in  determining a in  this  series we also  made use of the  corrected 
figure.  There exists  another  factor which is  responsible  for cer- 
tain variations in the individual experiments; namely, spontaneous 
retrogressions which may take  place  in  class  f.  The  number  of 
spontaneous retrogressions in class  f  may vary; and this  accounts 
for the relatively low average for class  f in experiment D.  In this 
experiment twenty-four tumors  grew  distinctly and  twelve  grew 
either very much below the average, or did not grow at all.  This 
is the only experiment where this factor is of any significance. 
On the whole, the figures designated "I in table I  seem to be bes~ 
for comparison of the percentage increases in weight in the different 
series of experiments. 
A  study of  the  averages  of  the  various  series  as  given in  the 
summary in  table  I  shows:  (I)  That  the  average percentage in- 
creases determined according to the different methods used by us 
give similar  results;  the  greatest variation is  found in  column 4. 
(2)  We  find  that  four  injections  of  colloidal  copper  retard  the 
percentage  growth  of  the  tumors  noticeably.  If  we  adopt  for 
comparison the figures ~, and 3, uninjected control tumors grow 174 
per cent. { 18o per cent.), while tumors of mice injected with copper 
grow IiO per cent. (lO  7 per cent.).  (3)  However, if we immunize 
mice by giving them four preliminary injections of colloidal copper 
from the second to the sixth day the inhibiting effect of the colloidal 
copper disappears,  perhaps not altogether, but it certainly becomes 
insignificant; the respective figures for the immunized mice are now 532  Immunization  against  Substances  Inhibiting  Tumor  Growth. 
I67 per cent.  (I65  per cent.), which are only slightly below those 
of the  control mice.  (4)  The  fourth column shows  a  still  more 
decided immunity of  tumors  of  the  second  generation  which had 
been subjected to injections of colloidal copper in the  former gen- 
eration of mice.  Here the corresponding figures are  I89  and 206 
per cent. respectively.  These figures are even slightly higher than 
those of uninjected control mice.  Whether. this  increase is due to 
the variable factors mentioned previously or to a  slight stimulating 
effect of injections of colloidal copper in the second generation, we 
are  not  ready  to  decide,  although  we  are  inclined  to  accept,  at 
least  at  present,  the  first  interpretation.  (5)  If  we  compare  in 
the  summary the  figures  for  the  percentage  increase of  the  indi- 
vidual  classes,  we  find  that  copper  is  about  equally  active  in  all 
four classes and that the immunization also affects all  four classes. 
(6)  If  we  compare instead  of  the  figures  given  in  the  summary 
the individual series included in the summary we see that the figures 
in  the  various  series  are  consistent  with  those  of  the  summary, 
although  there  exist  individual  variations,  especially  in  series  in 
which the number of mice used is relatively small.  It is necessary 
in valuing the relative importance of the figures in the various series 
to consider the number of mice used in a  series; the series  with a 
larger number of mice show on the whole a much smaller deviation 
from the average than series with a  smaller number of mice.  It is 
furthermore advisable  to  compare series  in  the  same  experiment. 
The conditions in different experiments vary more than in the same 
experiment,  the kind  of  mice used and  the tumor used  for  trans- 
plantation being more similar in the same experiment than in other 
experiments. 
Table III shows the results obtained by the first method, in which 
we estimated the growth of the tumors by palpation.  Table I  gives 
the results obtained by weighing in the same experiments.  We see 
that on the whole the results obtained by both methods agree very 
well, although in a  few classes the results do not agree completely. 
Table IV presents the results in different classes  (a)  of uninjected 
controls,  (b)  of animals injected with copper without and  (c)  with 
previous  immunization.  The  results  were  obtained  with  the  aid 
of the first method.  We see again that all classes are about equally Moyer S.  Fleisher, Miguel  Vera, and Leo  Loeb. 
TABLE  III. 
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Mice inoculated  with 
Normal (uninjected)  Mice  injected  with col-  Mice injected  with colloidal  tumor from mice previ- 
controls,  loldal  copper from  copper from 2d-sth and  ously injected  with col- 
9th-~3th dy.  9th-z3th dys.  loidal copper.  Injected 
from 9th-x3th  dy. 
H  a  2  +8 
c  9+I-- 
d  I6+  2-- 
f  22+  I-- 
D  a  4+ 
c  8+ 
d3I+ 
3?  I  -- 
f  24+ 
7+5-- 
BIR  I  + 
e  6+ 
d  5+I- 
f  5+I- 
B2  a  xo + 
c  6+ 
AIc  2+  3-- 
d  7+  2-- 
f  3+  7-- 
A2  e  3+  3-- 
d  2+  2-- 
f  9+14-- 
A2  c  5+ 
d  6+i-- 
f  5+  i-- 
BI a  II +  I  -- 
e18+3--5 
d  4+x-- 
f  I5+3-- 
C~a  3+ 
C  II +  I -- 
d  3+ 
Bia  8+  ii  -- 
C  II-~  I9-- 
d  4+  4-- 
f  3+  i-- 
B2a  4+  6-- 
c  7+  7-- 
d  5+  7-- 
f  7+  6-- 
dxi+2-- 
f  7+I-- 
Cia  7+ 
c  16+ 
dx8+x-- 
f  i2+4-- 
AI  c  I5  +  3  -- 
die+ 
fi9+2-- 
C2d  It+4- 
f29+6-- 
CI  a  7+  7- 
c  7+  8- 
d  7+  7-- 
f  8+  7-- 
C2a  4+  4"- 
eli+  9-- 
d  7+  8-- 
f  ii  +  i2  - 
B2  a  7+  I-- 
eI7+5-- 
d  17+  I-- 
fIo+3-- 
C2a  6+ 
ci8+4-- 
deo+2- 
fi7+z-- 
affected as far as the retardation in growth through colloidal copper 
as well as the processes of immunization are concerned.  We carried 
out one similar  experiment  with  hirudin.  The  various  samples of 
hirudin  vary somewhat in their  efficacy and the one at our disposal 
at  that  time  was  rather weak.  We have  further  to  consider  that 
in  the  case  of  the  hirudin  the  results  are  complicated  by hemor- 
rhages  into  the  tumor. 
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TABLE IV. 
Growth  and  Non-Growth  as  Shown  by  Palpation. 
Normal  control.  Immunized.  Colloidal  copper controls. 
a  I4+ 
c  25+ 
d  24+ 
8-- 
f  48+ 
II.-- 
a32+ 
2-- 
c9o+ 
15  -- 
5? 
d  84--/- 
8-- 
f  70+ 
12  -- 
a23+ 
29-- 
c36+ 
39-- 
d  34+ 
29-- 
f  4i+ 
47- 
In this experiment fifty-three mice were kept as controls,  without 
injections; sixty-eight mice received injections from the ninth to the 
thirteenth  day,  gradually  increasing doses  of  hirudin being given. 
and sixty-nine mice received  four injections  from the second to the 
sixth day and then again from the ninth to the thirteenth day.  On 
examining the mice  on the thirteenth  day we  found many hemor- 
rhagic tumors in the second lot injected  only from the ninth to the 
thirteenth day.  The hemorrhages were very much less in the third 
lot  which had  received  preliminary  injections  from  the  second  to 
the sixth day.  The increase in weight was much more considerable 
TABLE  V. 
Normal  control mice. 
53 mice. 
H  1749  a  +  II39 
I94%  c  +  I43% 
I66%  d  +  I47% 
~78%  f  +  259% 
Hirudin injected 9th-z3th  dy.  Hirudin injected  2d-6th and 
9th-i3th dys. 
68 mice.  69 mice. 
139%  c  +  I269 
15o9  d  +  I5o% 
z479  f  +  x66°'/o 
I45% 
220%  c + 208% 
203%  d  +  237% 
2o7%  f  +  x77% 
2II~o 
in  the  third  than  in  the  second  lot.  The  preliminary  injections 
seem,  therefore,  to  have  exerted  an  immunizing effect.  We  are 
here confronted with the fact that while the tumors of mice receiv- 
ing hirudin injections from the ninth to the thirteenth day grew less 
than  the  uninjected  control  mice,  the  mice  of  the  third  lot  grew Moyer S.  Fleisher, Miguel Vera, and Leo  Loeb.  535 
TABLE  VI. 
A 
Injected  ~d-6th and 
9th-z3th dys. 
Injected  =d-6th dy. with : 
Copper 
Copper 
Hirudin 
Hirudln 
Injected before inocula- 
tion  with: 
Copper 
Hirudin 
Preceding  generation  in- 
jected  with  colloidal 
copper 
Copper series 
Copper injected 9th-I3th 
dy. 
Hirudin injectedsth-I3th 
dy. 
Preceding  generation  in- 
jeeted with hirudin 
Hirudin series 
Hirudin  iniected  9th- 
I3th dy. 
Copper in~ected 9th-I3 th 
B 
Injected  before  in- 
octflation 
C 
Transplanted  tumor 
injected  after  the 
preceding  genera- 
tion  had  been  in- 
iected 
D 
Injected  9th-x3th 
dy. 
dy. 
Injected 9th-x3th dy. with: 
Copper  36 R  244 G 9 
(87%) 
Hirudin 28 R  9  G 
i  (24%) 
:Hirudin 38 R  I83 G 
(83%) 
Copper  28 R  30 G 
(52%) 
Injected  9th-z3th  dy. 
with: 
Copper  3R  53 G 
Hirudin 58 R 
Controls receiving 
injections of colloidal 
copper or hirudin 
9th-x3th dy. only. 
I3I  R Q  I20 G 
(47%) 
I6R  3G 
(I6%) 
94 R  63 G 
(40%) 
23 R  27 G 
(54%) 
62 R 
57 R 
61R 
62 R 
Copper  37z R 
Hirudin  184 R 
38% of these retrogressed 
Of  these 38% about  8o% resumed  growth when 
injections  were  stopped  after  the 4th dy., and 
about  70%  resumed growth  if  injections  were 
continued for 6  or 7 dys. 
33 R  4I  G 
(95%)  (56%) 
38 G  45 R  2x G 
(4o%)  (32%) 
44x  G  x83R  I22G 
(87%)  (40%) 
24 G  39 R  9  G 
(30%)  (I9%) 
83 G  66 R  22 G 
(58%)  (28%) 
36 G  5z R  30 G 
(37%)  (37%) 
277 G 
(43%) 
io2 G 
(36%) 
o G =  tumors  growing  at  the  normal  rate;  R  =  tumors  with  retarded  growth 
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more than the control mice.  This is probably due to the fact that 
the  weight of the tumors  increases after  injections  of  hirudin on 
account of edema and hemorrhages into the tumor; the average of 
the percentage increase of the tumors in the hirudin series is there- 
fore  less  than  the  figures  indicate.  We  must,  however,  at  the 
present  time  admit  that  possibly  some  accidental  factors  may  in 
addition be of importance  (table V). 
We  carried  out  further  experiments  in  order  to  determine  the 
specificity of the  immunity conferred by a  first set  of  injections. 
We wished to determine whether or not preliminary injections  of 
hirudin  weaken the  action  of  later  injections  of  colloidal  copper, 
and vice versa; and also whether injections of hirudin or colloidal 
copper  given  before  inoculation  with  the  tumor  have  the  same 
weakening  action  on  the  effect of  later  injections  of  hirudin  or 
colloidal copper  given nine to  thirteen days  after inoculation.  If 
that  should  be  the  case  the  immunizing  action  would  take  place 
through some organ or tissue of the injected mouse, independently 
of the tumor cells.  For these experiments which were made at an 
earlier stage of our work we used the first method of determining the 
growth  exclusively.  We  added,  however,  wherever  it  was  feas- 
ible the figures obtained in later experiments in which we used for 
other purposes both the first and second method combined.  Table 
VI  shows  the  results  of  these  experiments.  Part  D  shows  that 
more than one half  of the tumors injected with either hirudin or 
colloidal  copper  are  more  or  less  retarded  in  their  growth  as  a 
result of the injections.  There does not seem to be a  marked dif- 
ference between the action of colloidal copper and of hirudin.  Part 
13 shows that injections of colloidal copper given before inoculation 
of the tumor lower markedly the effect of subsequent injections of 
colloidal copper.  In the  case  of hirudin  this  lowering effect was 
apparently present only to a very slight extent.  Part A  shows that 
injections of colloidal copper given from the second to the sixth day 
weaken the  effect of  injections  given  from the  ninth  to  the  thir- 
teenth day and that the same holds good in the case of hirudin, but 
that a  first set of injections of hirudin does not markedly influence 
a  second set  of  injections  of  colloidal  copper,  and  that  a  first  set 
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set of injections of hirudin.  Part C shows that a first set of injections 
of colloidal copper or hirudin given in one generation of tumor mice 
from the second to the sixth and from the ninth to the thirteenth 
days  weakens  the effect of  a  later  set  of  injections  given  in  the 
following generation of  tumor mice, and again that  this  effect is 
specific,  colloidal copper immunizing the tumor cells  only against 
colloidal copper, and hirudin only against hirudin.  In the case of 
hirudin the  immunizing effect  is  apparently  not  quite  as  marked 
as in the case of colloidal copper. 
In appraising the value of the results obtained we must be aware 
that in the best case only the principal facts can be established with 
the aid of the first method.  Slight quantitative differences have to 
be disregarded altogether.  As far as experiments have been carried 
out by both methods the results agree.  We may therefore conclude 
that experiments carried out so far indicate that the immunization 
produced  through  preliminary  injections  of  hirudin  or  colloidal 
copper is a specific one, each protecting only against later injections 
with  the  same  substance.  And  we  may  also  conclude  that  in- 
jections of colloidal copper, and probably also hirudin, given before 
the  inoculation  with  the  tumor  have  also  an  immunizing  effect 
against later  injections.  Immunity against the action of colloidal 
copper and hirudin depends therefore on an immunity acquired by 
the host organism as well as on an immunity acquired by the tumor 
cells themselves. 
In the case of hirudin we have also other evidence that processes 
of  immunization take place in the organism of the injected mice; 
five to six  intravenous injections of hirudin given on consecutive 
days  immunize the  animals  against  the  anticoagulating effect  of 
hirudin.  I°  This effect can be demonstrated in vitro  as  well as in 
ViVO. 
We  have  still  to  consider  another  possible  explanation  for  the 
results which we obtained; namely, the possibility that a  selection 
of  tumors  naturally  immune takes  place,  rather  than  active  im- 
munization of the tumors.  This interpretation cannot be accepted 
(I)  because the tumors subjected to the influence of the substances 
and the control tumors took their origin from the same tumor a  few 
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generations  back.  It  can  further be  excluded  (2)  because after 
injection with colloidal copper from the second to the sixth day the 
majority of tumors grew under the influence of injections of col- 
loidal copper given from the ninth to the thirteenth day.  An acci- 
dental selection can therefore not very well take place under these 
conditions, because the chance that naturally susceptible tumors are 
used  for  transplantation  is  as  great  as  the  selection of  naturally 
immune  tumors.  (3)  If  we  compare  the  influence  of  colloidal 
copper on tumors that developed after transplantation from tumors 
whose growth had been retarded after injections of colloidal copper, 
and on those that developed after transplantation of tumors whose 
growth had  not  been influenced by colloidal copper,  we  find  that 
both  series  are  equally  immune  against  the  action  of  colloidal 
copper. 
Tumors that had been transplanted from tumors that had proven 
resistant  to  the  influence of colloidal  copper  gave  the  following 
result : 31 grew normally and 3 were retarded in their growth under 
the  influence of  colloidal  copper.  Tumors  that  had  been  trans- 
planted from tumors that had been retarded in their growth under 
the influence of colloidal copper gave this result: 38 grew normally 
and 3 were retarded in their growth.  Tumors derived from tumors 
that had grown well under the influence of colloidal  copper  gave 
the  following result after injection of hirudin:  Io  were retarded 
and  4  grew  well.  Tumors  derived  from  tumors  that  had  been 
retarded in their growth under the influence of colloidal copper gave 
the following result:  Io were retarded and 8  grew well under the 
influence of hirudin.  We may therefore conclude that the results 
we obtained are due to an immunization of the tumor cells and not 
to a selection of naturally resistant tumors. 
Our results point to the conclusion that the acquired immunity is 
a  specific  one.  If  this  is  the  case,  we  should  be  able  to  affect, 
through injection of hirudin, tumors that had been resistant to the 
action of colloidal Copper.  This we found to be the case.  Tumors 
of  mice  that  had  been  injected  with  colloidal  copper  from  the 
ninth to the thirteenth day and had grown normally under the influ- 
ence of this  substance,  were injected with hirudin  from the  thir- 
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retrogressed in  6,  were  retarded in  their  growth in  I9,  and  grew 
normally in  i z animals,  ttirudin had therefore its usual effect on 
tumors  after  colloidal  copper  had  previously  failed  to  exert  any 
influence on the same tumors. 
We also had to consider the possibility that the immunization was 
due to the  fact that  after injections  from the second to  the sixth 
day after inoculation the general health of the tumor mice was less 
affected through subsequent  injections  from the ninth to  the  thir- 
teenth day, and that in consequence of the better health of the mice 
the  tumors  grew better  in  animals  having had  the  first  set  of in- 
jections.  However, we. found that the appearance of both sets  of 
animals,  those  having  received  two  sets  of  injections  and  those 
having received only one set,  were equal.  In a  certain number of 
animals we determined the effect of the injections on the weight of 
the animals and obtained the following results: 
Average weight of mice receiving col-  Average weight of mice receiving  col- 
After inoculation,  loida[ copper 9th-z3th dy.  ]oidal copper ~d~6th and 9th-z3th dys. 
2 dys.  z6.2 gin. (zoo mice)  I6.7 gm. (IOO mice) 
9 dys.  z6.I gin. (  78 mice)  I6.2 gin. (  75 mice) 
I3 dys.  I6.2 gin. (  63 mice)  I6.2 gm.  (  66 mice) 
We see that there is very little difference in weight on the ninth 
and on the thirteenth day in the mice of the two series.  During the 
first injections,  from the second to the  sixth  day, the mice of the 
second series lost slightly in weight, 0. 5  of a  gram on the average. 
In this series the weight remained constant during the second set of 
injections, while it increased slightly  (o.z  of a  gram)  in the series 
not receiving the  first set  of  injections.  We  may therefore con- 
clude  that  general  conditions  of  health  cannot  account  for  the 
immunity that we noticed. 
We saw that as a result of the presence of several variable factors 
the growth differs considerably in  individual tumors.  This neces- 
sitated  the  use  of  large  numbers  of  tumors,  in  order  to  test  the 
effect of various  factors on tumor  growth.  We  are conscious  of 
the fact that results based on statistical methods do not possess the 
same degree of certainty as  results  of experiments in  which  indi- 
vidual  variations  do  not  occur.  On  the  other  hand,  the  number 540  Immunization against Substances Inhibiting Tumor Growth. 
of tumors observed by us is unusually large.  We lay at the present 
time the main emphasis on the publication of the actual results ob- 
tained  in this  as  well as  in  the preceding communication, without 
considering the conclusions as yet as  more than probable.  How- 
ever,  we  hope  that  the  opportunity  will  soon  present  itself  to  us 
to  carry out  another  series  of  similar  experiments,  and  we  shall 
then state  whether or  not  the  further experiments  confirmed our 
previous work.  With this understanding, implying the restrictions 
mentioned, we may point out some of the further conclusions that 
can be drawn from our work. 
I.  Our  work shows  that  through injections of solutions  of col- 
loidal metals changes take place in the body which tend to counter- 
act the further efficacy of the colloidal metal.  It  is  probable  that 
as the result of these reactions the colloidal solution itself within the 
body is changed to such an extent that it is less efficacious. 
2.  If, as our experiments seem to indicate, the immunity is in part 
localized in the tumor cells and if this acquired immunity is trans- 
ferred to successive cell generations, and especially if this immunity 
is  a  specific one, it  is probable that the various substances that we 
use attack the tumor cells directly and act  only indirectly through 
changes in the circulation or in the blood vessels of the tumor or of 
its  environment.  The  latter  action  may,  however,  exist  side  by 
side with the direct one on the cells.  In a  former publication  n  we 
have already drawn attention to  this possibility. 
3.  Such processes of immunity as those that we observed would 
be an important factor in the practical application of chemotherapy. 
They would tend gradually to diminish the efficacy of the substances 
we use, provided that we do not apply substances causing a rapid de- 
struction of the tumor.  On the other hand, the specificity in these 
processes of immunization would make it possible to counteract the 
injurious  influence  of  immunization  established  against  one  sub- 
stance,  by  using new  substances  after  the  usefulness  of  the  first 
substance has been noticeably diminished. 
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SUMMARY. 
I.  Through  a  set  of  preliminary  injections  of  colloidal  copper 
or hirudin, given from the second to the sixth day after transplanta- 
tion, we can weaken the effect of injections of the same substances 
given from the ninth to the thirteenth day after transplantation. 
2.  Injections of colloidal copper given before the transplantation 
of the tumor lead to a  weakening of the effect of injections given 
from the ninth to the thirteenth day after transplantation. 
3.  The same result can be obtained if we inject colloidal copper or 
hirudin into mice from the second to the sixth and  from the ninth 
to the thirteenth day after transplantation,  and use these tumors at 
the end of the series of injections  for further transplantation  into 
another set of mice; the developing tumors are more resistant to the 
action of colloidal copper or hirudin than new control tumors. 
4-  We may therefore conclude that the immunity has two sources : 
(a)  it is based on changes taking place somewhere in the host organ- 
ism;  and  (b)  it  is  localized in  the  tumor  cells  themselves  which 
transfer this immunity to the following generations of tumor cells. 
5-  The immunity acquired against colloidal copper does not pro- 
tect noticeably against the action of hirudin, and vice versa.  The 
immunity is therefore specific. 
6.  We discuss  certain general conclusions  which may be drawn 
from these experiments.  We  expect to  test  the validity of these 
results in further experiments. 